Fax +41 61 306 12 34 E-Mail Introduction: Totally tubeless percutaneous nephrolithotomy (PCNL) is a well-established technique used in single -access procedure nevertheless these results challenge the multi-access PCNL as a contra-indication to application of this technique. Aims: To compare complication rates and safety of use of this technique after multi-access PCNL. Methods: A Total of 130 patients with renal stones were enrolled in this cohort study. Totally tubeless PCNL with single access (Group A, n = 70) and multi-access (Group B, n = 60) were done and bleedings were assessed by measuring hemoglobin (Hb) drop, blood transfusion rate and need for angioembolization besides leakage rates which were also recorded. Results: In the 130 patients who underwent totally tubeless PCNL, no leakage from puncture site nor angioembolization cases were identified. There was no significant statistical differences between 2 groups regarding Hb drop (1.91 in single access versus 2.20 in multi-access), transfusion rate and length of hospital stay (p > 0.05). Stone-free rate was increased from 91% in single access to 97% in multi access by adding percutaneous access sites (from 91% in single access to 97% in multi-access). Conclusions: Multi-access totally
Introduction
Percutaneous nephrolithotomy (PCNL) is a minimally invasive surgical technique for removing stones of the renal pyelocalyceal system or upper ureter via a small percutaneous tract. Usually complex stones with diameters > 2 cm or shock wave-resistant lithiasis are managed using this technique [1] [2] [3] . Bellman et al. [4] in 1997 reported the first use of tubeless PCNL. In this procedure the nephrostomy tube (NT) as a final stage of PCNL was replaced by an internal stent [5, 6] . Tubeless PCNL and standard PCNL have been compared by 4 systematic reviews. Meta-analysis and decrease in length of hospital stay, analgesia requirement, risk of bleeding, and postoperative morbidity were shown as advantages of tubeless PCNL method [7] [8] [9] [10] . Recent studies in the past decade showed that totally tubeless PCNL without inserting ureter stents and nephrostomy catheter for those without any residual stones is gaining its place as a safe technique [11] [12] [13] [14] . This study was designed to compare complica-tubeless PCNL seems feasible and has comparable complication rates including Hb drop besides providing the advantage of higher stone-free rates using multi-access tracts.
Aghamir/Heidari/Bayesh/Salavati/ Elmimehr tion rates and safety of use of this technique after multiple access PCNL. To our knowledge, this is the first report of multi-access totally tubeless PCNL.
Methods
This historic cohort study was carried out in Tehran University of Medical Sciences, between 2014 and 2016 in Sina Hospital, Tehran, Iran. Our study was approved by Urology Research Center of Tehran University of Medical Sciences and study protocol conformed to the ethical guidelines of the 1975 declaration of Helsinki. Written informed consent was obtained from all individual participants included in this study. A Total of 130 patients with renal stones were enrolled in this cohort study. Totally tubeless PCNL were carried out in single access (Group A, n = 70) or multi accesses (Group B, n = 60) and bleedings were assessed by measuring hemoglobin (Hb) drop in first 24 post-operative hours, blood transfusion rates and need for performing angioembolization; besides leakage rates were also reported. Patients with extracorporeal shock wave lithotripsy failure, large renal stones (> 25 mm in pelvis or > 20 mm in lower calyx), or stones in diverticulum or closed calyx which were nonhomogeneous ranging from single calyx stone to complete staghorn stones who had normal coagulation tests with ASA (American Society of Anesthesiology) functional class I-III, Hb concentration above 10 mg/dl and negative urine culture where included. The exclusion criteria were intra-operative bleeding which caused persistent unclear vision during nephroscopy, perforation of the collecting system and unstable vital signs (persistent systolic pressure under 100 mmHg). General anesthesia in prone position and fluoroscopy was used to obtain the nephrostomy tract and ballistic lithotripsy was used.
Finally, a C-arm multidirectional fluoroscopy was used for the assessment of probable stone remnants over 4 mm as flexible endoscopes were not available at the time of study design, therefore, cases managed with flexible nephroscopy were excluded to keep the sample uniform. In presence of significant remnant in patients without exclusion criteria, the second or third access was obtained.
After satisfactory stone removal, ureteral stent and Amplatz (16 cm; 30F) sheath were withdrawn, and compressive dressing was applied. In absence of wound leakage, the Foley catheter was removed after 12 to 24 hours. Hb serum level was measured preoperatively and 6 hours after the procedure and if there was not a significant drop, it would be measured daily until hematuria was resolved. Hemodynamically stable patients with controllable pain with painkillers and no gross hematuria were considered suitable for discharge after 3-5 days. About a week after discharge, patients were followed-up by radiography of the kidneys, ureters and bladder and renal ultrasonography to rule out residual stones and urinoma. Criteria for post-operative blood transfusion were unstable vital signs and Hb < 10 mg/dl. Angioembolization criteria were persistent bleeding that needed transfusion of more than 2 units during 24 hours or on re-admission due to persistent bleeding after discharge [7, 8] . The data on stone burden, pre-and postoperative Hb, transfusion rate, angioembolization, leakage from tract, duration of hospital stay and stone-free rate were collected. Statistical analysis was performed by SPSS software (ver.22) using multivariate analysis and Mann-Whitney test for continuous variables and chi square test for categorical variables. P values < 0.05 were considered statistically significant.
Results
In this cohort study, single-access totally tubeless PCNL compared with multi-access (3 or 4) in respect to demographic data, hemoglobin drop, stone-free rate and clinical characteristics (table 1). There were no significant differences between the age and gender of patients (p > 0.05).
The mean stone burden was 2.81 ± 0.59, 3.25 ± 0.52), 3.22 ± 0.66, and 3.23 ± 0.59 cm 3 in single-, 3-, 4-and overall multi-access group (Group B), respectively. The results showed that there were significant differences between stone burden in single-and multi-access sites (p < 0.001). Multi-Access Percutaneous Nephrolithotomy
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Hospital stay was longer in multi-access group compared to single-access group and there was no significant relation (p > 0.05). The Hb drop (1.91 mg/dl in single access versus 2.20 mg/dl in multi-access) and transfusion rates were not significantly different in 2 groups (p = 0.32). Leakage from puncture site didn't occur more than 48 hours and no one needed ureteral double J stent. There was no case of angioembolization. Stone-free rate was 91, 96 and 98% in single-, 3-and 4-access group, respectively. The results showed that the stone-free rate was increased by adding access sites.
Discussion
Despite the advantages of PCNL and its evolution since introduction by Fernström et al. [15] in 1976, several complications such as injury to renal blood vessels and hemorrhage, urine leakage are major complications inflicting some patients. Nephrostomy catheter which was routinely placed in the collecting system to act as a continuous access for second stage procedure, urinary drainage and tamponade bleeding from the tract between the skin and the kidney, had been a standard but had adverse effects such as pain and need for extra analgesic and prolonged hospital stay and excessive wound dressing [8, 16] . Furthermore, in recent years, efforts have been made to change PCNL technique to reduce nephrostomy tube complications by using an externalized ureteral stent or double J stent [2, 17] . In 1984, Wickham et al. [18] introduced tubeless PCNL for the first time. Then in 1997, Bellman et al. [4] discussed about the advantages of tubeless PCNL in comparison to standard PCNL and they reported lower length of hospital stay, time to return to daily activities, analgesia requirements and cost. Limb et al. [19] presented tubeless PCNL as a useful and safe method and Agrawal et al. [20] compared standard with tubeless PCNL and explained post-operative advantages of tubeless PCNL including reduced length of hospital stay, pain and urinary leakage.
Totally tubeless PCNL is a method of choice for the treatment of urinary stone disease in some centers [12, 21] . This technique uses neither a nephrostomy catheter nor a ureteral stent [2, 11-13, 17, 22, 23] . The advantages of totally tubeless PCNL include omitting of stent-related morbidity (flank pain, dysuria) [24], besides decreased length of hospital stay and need for analgesics [12, 25, 26] . Crook et al. [12] in 2008 reported totally tubeless PCNL as a safe method for selected patients without severe hematuria and complete stone clearance. Karami et al. [13] compared a total of 60 patients which divided in 2 equal groups who either underwent PCNL or totally tubeless PCNL. They reported post-operative discomfort reduced by removing nephrostomy tube and ureteral catheter. Crook et al. [12] and Yun et al. [24] also emphasized on advantages of totally tubeless PCNL. In a retrospective study performed by Istanbulluoglu et al. [14] , 176 patients were divided into 3 groups of totally tubeless PCNL (n = 43), tubeless PCNL (n = 41) and standard PCNL (n = 92). The groups were compared and no significant differences were found in mean stone burden, operation time, Hb drop and transfusion requirement rate. Time of hospital stay and analgesic requirement were significantly higher in standard PCNL compared with the other groups.
To our knowledge this is the first study to compare Hb drop and transfusion rate in single-access totally tubeless PCNL, with multiple-access (3 and 4). In this study, average Hb drop in single-access totally tubeless PCNL compared with 3-and 4-access was not significantly different (1.91 ± 1.60 vs. 2.62 ± 2.14 vs. 1.87 ±1.27 mg/dl, p = 0.176). No patient needed angioembolization in either groups and blood transfusion rates had no statistical difference 5 (7%) versus 1 (9.1%) and 0 (0%).
In a randomized controlled trial compared standard PCNL and totally tubeless PCNL on 50 patients with renal stones, Crook et al. [11] reported that there were no significant intergroup differences in hemorrhage and blood transfusion values. In Korea, Yun et al. [24] compared outcomes between standard PCNL and totally tubeless PCNL on 57 patients with renal stones and reported blood loss was not significantly different between the 2 groups. Istanbulluoglu et al. [14] performed tubeless, totally tubeless, and standard PCNL on 176 patients with renal stones in a retrospective study and reported that no significant differences were found in mean transfusion rates and Hb level change between the groups.
Our results show that surgeon can safely proceed with obtaining extra accesses in case of high stone burden or any condition that might require multi-access PCNL and yet the total tubeless option can be used in these patients with comparable results to single-access totally tubeless PCNL patients.
Conclusions
Totally tubeless technique is a variant of PCNL that can be used in multi-access PCNL with comparable results to single-access totally tubeless PCNL regarding Aghamir/Heidari/Bayesh/Salavati/ Elmimehr major complications including Hb drop and leakage. Besides, the surgeon can improve stone-free rates via more accesses without increasing risk of complications. Further studies with large sample size is warranted.
